INTRODUCTION
HYDROGEN PEROXIDE is an important intermediate in aqueous redox processes involving oxygen. This is true for both biological and nonbiological processes; therefore, it is to be expected that hydrogen peroxide should be produced in substantial quantities in natural waters. In seawater, H202 may play an important role in redox reactions involving transition metals and organic compounds (ZIKA, 1981; ZAL~RIOU, 1983; MOFFETT and ZIKA, 1983) . This reactive nature and the fact that H202 can be produced in situ by a number of different reaction pathways or introduced from the atmosphere, make its probable distributions dependent on many different characteristics of the environments (ZIKA, 1984) . It is to be expected therefore that it will act as a highly non-conservative property of the seawater which exhibits considerable temporal and spatial variability.
Numerous specific reaction mechanisms are possible for the formation of H202 in seawater. Most of these mechanisms involve the single electron reduction of molecular oxygen to form the intermediate 0;
. The photooxidation of organic matter in seawater has been suggested to be the major in situ source of H202 in the ocean and evidence for the involvement of OF as an intermediate in these reactions (ZIKA, 1980; COOPER and ZIKA, 1983; leads to a general mechanism:
ORG -ORG*
ORG* + O2 -ORG+ + 0, 
If this general photochemical mechanism is the source in seawater, then the concentration distributions should be controlled by a complex set of factors involving such things as light intensity, concentration of organic matter, and physical mixing processes. In addition, other potential sources like biological production and wet and dry deposition of atmospheric Hz02 (THOMPSON and ZAFIRIOU, 1983 ) may contribute to development of highly variable and dynamic surface ocean distribution of this important chemical species.
Little information on the concentration distribution of Hz02 in the ocean exists in the literature. The first report was by VAN BAALEN and MARLER ( 1966) who measured surface levels ranging from 1.5 to 19.7 X 10m8 mol L-' in the Gulf of Mexico. More recently, surface and depth profiles from marine coastal waters and the Florida Current (ZIKA, 1980) , the central Gulf of Mexico (MOFFETT and ZIKA, 1983 ) and the Peru upwelling area have been reported ( ZIKA et al., in press). In view of the complex nature of the H20Z system, considerably more measurements are necessary to understand its role in the marine environment.
In this study H202 was determined at a variety of locations in the Gulf of Mexico, from oceanic oligotrophic waters in the center of the Gulf to highly productive coastal waters off the western coast of Florida. Measurements were made aboard the R. V. "Researcher" (NOAA) on two cruises in May and August, 1982.
EXPERIMENTAL
Samples were collected in 5 liter PVC Niskin bottles (General Oceanics, Miami, FL) attached to a Neil Brown CTD rosette sampler suspended from the ship. Samples were immediately transferred to 250 ml Teflon lined screw 1 of peroxide occurred during sampling or storage prior to analysis. Analyses were performed using a scopoletin horseradish peroxidase fluorescence decay procedure described elsewhere . The limit of detection of this procedure is approximately 5 X tom9 mol L-'. A Turner Designs Model IO fluorometer was used for all fluorescence measurements, with excitgtion and emission wavelengths of 365 and 490 nm, respectively. The method is also sensitive to low molecular weight organic peroxides. These can be distinguished from Hz02 by examining the reaction kinetics of the scopoletin fluorescence decay or with the use of cat&se (ZIKA et al., unpublished) . Application of these techniques during the cruises indicated that no detectable organic peroxides were present in the samples. Supporting hydrographic data was obtained for each cast. Salinity was determined in most instances using the CTD, but there were a few cases where salinities were determined using a shipboard Guildline Autosal 8400 Salinometer. .5 
Peroxide concentrations
were fairly uniform or decreased only slightly with depth in the mixed layer region. Below the mixed layer there was a rapid decrease with depth. Below 150 meters hydrogen peroxide concentrations were below the limit of detection of 5 X 10m9 mol L-'. Representative profiles from station 1 and station 1' are shown in Fig. 2 .
Representative profiles from station 2 and station 3 are shown in Fig. 3 . The H202 distribution was similar to that at the oceanic stations 1 and I', with surface peroxide concentrations of I X lo-' mol L-'. The intermediate shelf station, 2', and the coastal station, 3', were more productive waters and were characterised by low salinity surface values (32.5 ppt) due to input from a freshwater source. presumably the Mississippi
River. This gives rise to a sharp pycnocline at 16 m. Surface concentrations of peroxide were higher than in the oligotrophic stations by approximately a factor of two, ranging from 1.7 to 2.4 X lo-' mol L-' at station 2' and from 1.7 to 2.8 X lo-' mol L-' at station 3'. A representative profile from station 2' is shown in Fig. 4 . Concentrathe region af pycnocline. Na peroxide was detected tions at station 2' in the upper IO m were invariant below 80 m at station 2'. A 24 hour sequence of with depth, but they decrease sharpiy with depth in profiles at station 3' is shown in Fig. 5 . Profile c~am~~tics were similar to station 2', with a sharp centmtions, with a minimum of I .8 X IO--' maf I--' decrease associated witJ~ the pycnocline. There was a at 0600 and a maximum of 2.X X IO-' mot L--' at pronounced die1 variation in surface peroxide con-1800 hrs (Iocal time). Die1 variation was less pro- was 35.7 ppt and decreased to 32.5 ppt at the surface, indicating considerable freshwater input. Productivity and light attenuation at this station were the highest encountered in this study. A 24 hour sequence of profiles at this station is shown in Fig. 6 . Surface peroxide levels ranged from I .O to 1.5 X lo-' mol L-'. At this shallow station (14 meters), peroxide was present at all depths. There was a slight increase in HzOz near the bottom on some casts, but this was not consistently observed. Owing to the mode of sampling used, we were unable to sample nearer to the sediment water interface than 1 m. Hydrographic data indicates a slight pycnocline which ranged from 8-10 m at night to 4-6 m during the day. At 2000 hrs peroxide levels were elevated above the pycnocline and uniformly low below it. During the night there was a decrease in H202 levels, especially near the surface. At 0600-1000 hrs peroxide increased slightly from the bottom to the surface. By 1200 hrs there was an increase in H202 at O-4 m but no increase below the shallow pycnocline which had formed by this time. At 1400 hrs the peroxide had continued to increase from O-6 m, but below this depth peroxide values decreased. This was probably the result of the pycnocline preventing downward mixing. Because of the high light attenuation at this site, most of the sunlight was absorbed in the surface layer. Hence, peroxide decomposition exceeded production below the pycnocline. By 1600 hrs an intrusion of low salinity water at 8-10 m had disrupted the pycnocline and elevated peroxide levels extended to 9 m. At 2000 hrs the profile resembled that of the previous night. The importance of hydrographic and solar parameters on peroxide profile characteristics are demonstrated in the results obtained at Station 5.
DISCUSSION
The peroxide profiles, from diverse marine environments have several common characteristics; all show a surface maxima in peroxide concentration, with the surface maxima from 1 to 2 X lo-' mol L-l, a general decline with depth, and a sharp decline beneath pycnoclines. There is a consistent pattern of die1 variability, with mid to late afternoon maxima and a pre-dawn minimum. These observations are consistent with photochemical production of Hz02 in the photic zone dominating during the day and dark decay and downward mixing processes dominating at night. Surface peroxide concentrations are similar to those reported by VAN BAALEN and MAR-LER (1966), but comparison is difficult due to the paucity of data in the earlier work.
In open ocean waters, with low light attenuation, the photic zone extends deeper than in coastal areas. Therefore, photochemical generation of peroxide might be expected to occur at greater depth than at coastal stations. Detection of peroxide at greater depths at the oligotrophic stations supports this premise. The fact that ultraviolet radiation is rapidly attenuated near the surface suggests that in order to maintain the observed H202 concentrations near the bottom of the mixed layer photochemically, the reactions must be occurring in the visible portion of the spectrum where the attenuation of solar flux is small. Hydrographic data at these stations indicate that the mixed layer depth varies in time, but typically extends to 40 m and consequently vertical mixing will also contribute to the high peroxide levels measured. Horizontal advective processes may also play a role in maintaining peroxide levels below the mixed layer depth if the depth of the mixed layer is horizontally inhomogeneous. There is evidence for this kind of process in the small scale structure frequently found in temperature and salinity profiles below the local mixed layer depth (CALDWELL, 1983). More profile measurements at individual stations are needed before the relative roles of transport and in situ production of H202 can be clearly separated.
In the coastal and shelf waters where light attenuation is greater owing to higher levels of DOM and particulate material, the Hz02 photochemical formation rate will decrease sharply with depth. Thus. peroxide levels decrease sharply with depth as observed. At stations 2' and 3' the presence of the sharp pycnocline at 16 m prevented mixing from the peroxide enriched surface waters and led to Hz02 depletion in the dimly irradiated water beneath. Consequently, surface peroxide at these stations was 2 to 2.5 X lo-' mol L-i, compared with I to 1.2 X lo-' mol L-' at the oceanic stations, owing to the shallow pycnocline and higher DOM. In coastal waters peroxide lifetimes are probably shorter due to higher concentrations of transition metals and organic compounds which are potentially important in peroxide degradation. Consequently, advective processes will not be as important in introducing peroxide into deep water, leading to the shallower profiles observed.
The die1 variation results are summarised in Fig.  7 which shows die1 variation at several depths at stations I', 3 and 5. There is considerable scatter in the data, particularly in coastal surface casts, probably due to patchiness in the water being sampled over twenty four hours. Nevertheless, the data is suggestive of die1 variability, with highest values in the mid afternoon and lowest between midnight and dawn. Die1 trends are more pronounced in coastal waters than in oligotrophic waters. The trends are also more pronounced in surface waters than in deep waters. Deep waters, even in coastal areas show little evidence of die1 variation. These results indicate the need for more field work to further elucidate this phenomenon.
The die1 variation observations are consistent with photochemical formation. Die1 variation is greatest in coastal surface waters where rates of H202 formation are highest. Rates of decay will also be higher in these waters (ZIKA, 1980) , owing to higher concentrations of transition metals and organic compounds, as outlined above. In oceanic waters, concentrations of peroxide precursors and reactants which decay Hz02 are lower, leading to lower rates of formation and decomposition and less pronounced die1 variation. In deep water, peroxide is introduced primarily through advection rather than in situ production.
Consequently, die1 variation is slight at depth, even in coastal waters.
The data is explained by photochemical production of HzOz in the photic zone. However, other plausible mechanisms should be considered. Biological production may also lead to H202 formation, concentrated in the photic zone, where biological activity is highest. It would also be expected to lead to higher levels in highly productive coastal waters as we have observed. However, no correlation was observed with chlorophyll levels, a commonly used parameter of biological activity. A strictly biological origin would probably lead to a subsurface maximum as has been observed for other constituents of biological origin such as chlorophyll, oxygen and nitrite.
An atmospheric source of H202, either gas or aqueous phase deposition could also explain the surface maxima observed. Model estimates indicate that dry deposition of gas phase peroxide is probably of little importance (THOMPSON and ZAFIRIOU, 19831, but that rain could have a significant impact on peroxide levels in the surface ocean. Peroxide levels as high as lo-' to low4 mol L-' have been recorded in marine rain . However, it rained lightly only once during this study and no effect on peroxide levels was observed.
If the source of peroxide is marine organic matter there must be a mechanism for replenishing it. Advection from deep water may be important or if the material is of more recent biological origin it may be generated in situ. In coastal waters terrigenous sources of DOM may lead to peroxide production. Peroxide production in irradiated groundwaters and surface waters has been observed (COOPER and ZIKA, 1983; DRAPER and CROSBY, 1983; SINEL'NIKOV and LIB-ERMAN, 1974; COOPER et al., unpub.) so terrigenous DOM does contain peroxide producing compounds.
SUMMARY
Hydrogen peroxide has been detected in the Gulf of Mexico at levels exceeding lo-' mol L-' in surface waters. Profiles indicate that it is generated in the photic zone, possibly by an abiotic photochemical process, and that it has a lifetime on the order of days. Peroxide distribution in the water column is influenced primarily by sunlight, hydrographic characteristics of the water column, and the concentration of minor constituents which are involved in peroxide production and decomposition.
Hydrogen peroxide has potential significance for marine redox processes. However, it is impossible to evaluate its significance at this time because kinetic data for potentially important reactions is not available.
